Trichomonas vaginalis isolates NYH 286 and IR 78 were grown in continuous flow culture conditions in a complex trypticase-yeast extract-maltose medium supplemented with heat-inactivated horse serum. Parasites could be stably maintained in the chemostat at high densities ranging from 1 x 10' to 1 x 107 organisms m17'. Growth densities, acid production, and profiles of total versus secreted trichomonad proteins were characterised at different rates of growth and pH. Growth rate influenced the extent of parasite production of acid and the shedding of proteins into the medium but had no effect on overall parasite density. Lowering the pH from 6-0 to 5S0 resulted both in a decrease of cell density and acid production. 
Abstract
Trichomonas vaginalis isolates NYH 286 and IR 78 were grown in continuous flow culture conditions in a complex trypticase-yeast extract-maltose medium supplemented with heat-inactivated horse serum. Parasites could be stably maintained in the chemostat at high densities ranging from 1 x 10' to 1 x 107 organisms m17'. Growth densities, acid production, and profiles of total versus secreted trichomonad proteins were characterised at different rates of growth and pH. Growth rate influenced the extent of parasite production of acid and the shedding of proteins into the medium but had no effect on overall parasite density. Lowering the pH from 6-0 to 5S0 resulted both in a decrease of cell density and acid production. At pH 4 5 We also wanted to determine whether phenotypic variation for the expression of immunogens occurred in chemostat cultures as has been shown for batchgrown organisms.3 2 2627A heterogeneous population was used to seed the culture vessel, and the parasites were monitored daily by indirect immunofluorescence using antibody. A shift of the parent heterogenous (30% pos phenotype) population to neg phenotype was always observed regardless of the culture td (fig 1) . At no time were greater than 1% trichomonads fluorescent during the remainder of the experiment. The dramatic shift of the parent NYH 286 population to an almost homogeneous neg (fig 5A,  lane 1) . Much less secretion ofimmunogens appeared to occur when organisms were grown with tdS >10 h (lane 2). Finally, immunoblot using total proteins from 2 x 104 trichomonads, the equivalent cell number of supernatant used in these experiments, did not give any bands under the same conditions. These data show the selective enrichment for these immunogens in culture supematants.
For isolate IR 78, two immunoblot pattems were observed of antigens released into the chemostat growth medium. The first pattem from chemostat cultures at a td of 10 h at pH 6-0 consisted of two prominent high molecular weight immunogens (>1 10-kDa) ( fig 5B, lane 1) . Another pattem was observed for parasites grown at a td of 50 h at pH 6-0 and indicated the release of several antigens ranging in molecular weight from 75-kDa to 200-kDa (lane 2). Tvaginalis grown at a td of 50 h but at pH 4-5 gave a pattem similar to that seen with organisms grown at pH 6-0, although less amount of secreted trichomonad protein was seen ( fig 5B, lane 3) . Both isolates NYH 286 ( fig 5A) and isolate IR 78 (fig 5B) demonstrated decreased secretion at longer tdS.
Discussion
This study showed that T vaginalis can be grown successfully in a controlled chemostat system. High cell densities were achieved in the chemostat under various growth rates and pH as has been reported for test-tube grown cultures.24 The generation times of chemostat trichomonads were much greater than those reported for batch cultures, which ranged from four to six hours.224 For example, in the chemostat we were able to demonstrate a generation time for T vaginalis of up to 150 h. The in vivo generation time for this pathogen is unknown, but the doubling time might be expected to be considerably higher due to nutrient limitation and other factors in the vagina. This ability of the parasite to have long generation times as seen here may very well be relevant to the non-self-limiting nature of trichomoniasis.
The decrease in cell number for T vaginalis isolate NYH 286 grown at pH 4-5 in the chemostat (fig 2) indicates an adverse effect of pH on overall parasite physiology. This is consistent with known effects of pH on amount and extent of enzymatic activity and energy generation for other microorganisms.`'0 Interestingly, isolate NYH 286 also produced dramatically less acid ( Another finding of this study was that phenotypic variation of a major immunogen which occurs in batch cultures23 was suppressed in organisms grown in the chemostat (fig 1) . This observation was also documented for other isolates as well, including JH31A and AL2OW, which are also heterogeneous for surface immunogens. 22 The fact that most fresh isolates from patients are negative for surface expression of this and other immunogens,27 which correlates with increased virulence properties,22 perhaps indicates that key selective pressures in vivo may in fact involve severe nutrient limitation leading to very extended generation times as shown here.
This study also shows that the overall protein composition of trichomonads may be influenced by environmental changes like pH and specific growth rate (fig 4) . It is noteworthy that protein pattems of chemostat organisms at pH 6.0 were similar to previously published profiles of test tube parasites,20 but dramatic qualitative and quantitative differences were observed in proteins of trichomonads of isolate NYH 286 grown in the chemostat at low pH ( fig 5) . The pH 4-5 protein pattern may actually be demonstrating a parasite response to stress resulting from the vaginal pH ( fig  5, lane B 
